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INTRODUCTION 
 
In recent years fine and ultra fine particles emitted from internal combustion engines have attracted an 
increasing level of attention. This attention has arisen from epidemiological studies conducted by a 
number of research groups and pointing to the health effects resulting from inhalation of fine particles. 
Previous studies on the influence of fuel sulfur level on diesel vehicle emissions were mainly 
concentrated on particle mass emissions. This study aims at investigating the influence of the 
reduction of diesel fuel sulfur level on the emission and formation of nanoparticles. 
 
METHODS 
 
Twelve in-service local city council buses, ranging in age from 1 to 12 years, were tested on a chassis 
dynamometer operating alternatively on low sulfur (LS; 500 ppm) and ultra low sulfur (ULS; 50 ppm) 
diesel fuel. Measurements were performed at four steady state operating modes defined by engine 
power at 0% (idle mode), 25%, 50% and 100% rated full power respectively, corresponding to modes 
7, 11, 10, and 8 of the ECE R-49 test. Particle analyses were performed on a diluted sample of the 
exhaust volume. Particle number concentrations and size were measured with a scanning mobility 
particle sizer (SMPS). Total suspended particle (TSP) mass content was sampled by collection on 
teflon filters. After the initial set of measurements on LS fuel the whole fleet from one of the local bus 
depots was transferred to ULS fuel. After running on ULS fuel for around 2 months emission 
measurements were repeated on the same buses as in the first test round.  
 
In each experiment, the engine was first allowed to run at the required rate for several minutes until the 
exhaust temperature and gas concentrations had attained steady state values. As observed previously 
(Anderson, et al. 2000) particle size distributions also require a certain time to stabilize.  These 
conditions were then maintained for measuring periods of 30 to 20 min. The SMPS was operated over 
three separate scans in each mode. The duration of each up-scan was 120 s with a down-scan break of 
60 s in between. Care was taken to achieve the same dilution over both fuels. 
 
RESULTS AND DISCUSSION 
 
The mean particle number emission rate from the buses operating on ULS diesel was lower than the 
rate with the buses operating on LS diesel in each of the four modes. A statistical analysis showed that 
the two means were significantly different in modes 11, 10 and 8 but not in the idle mode. The mean 
total suspended particle (TSP) mass emission rate was greater with the buses operating on LS diesel 
than on ULS diesel in modes 11, 10 and 8, but not in the idle mode. However, the differences were not 
statistically significant in any of the modes investigated. 
 
Although a statistically significant difference was observed in the reduction of particle number 
emission, only a small and not statistically significant reduction in TSP was observed. The question 
that we asked ourselves was in which particle size range was the reduction observed. If the reduction 
in particle number was in the accumulation mode, where the majority of the particle mass occurs, we 
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should have observed a similar decrease in particle mass. As this was not the case the decrease in 
particle number had to be in the nucleation mode. Further analysis of the size spectra showed that the 
bimodal structure with both the nucleation and accumulation mode was more readily observed with LS 
fuel. Figure 1a shows the percentage of scans at which we have observed a distinctive nucleation mode 
with LS fuel as compared to ULS fuel for each of the tested modes. This effect was more prominent 
with engines of newer design where the concentration in the accumulation mode is lower and therefore 
there is a higher probability for the nucleation mode to be formed. 
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Figure 1. a) Percentage of scans at each mode where a distinctive nucleation mode was observed. b) 
Size distribution spectra for LS (full circles) and ULS (hollow circles) fuels corrected for dilution.  
 
A typical case where we have observed a nucleation mode with LS fuel but not with ULS fuel for the 
same bus and mode is shown in figure 1b. It is obvious that the reduction in particle number emission 
is a consequence of the loss of the nucleation mode.  
 
CONCLUSIONS 
 
Previous researchers (Anderson, et al. 2000; Kittelson and Khalek, 1999) have assumed that the 
volatile particle precursors responsible for the formation of the nucleation mode are unburnt 
hydrocarbons and sulfuric acid. The reduction in sulfur content from 500ppm to below 50 ppm  
suppressed the formation of the nucleation mode suggesting that the nucleation mode is mainly due to 
the homogenous condensation of sulfuric acid. Other volatile material, such as unburnt hydrocarbons, 
cannot form nanoparticles without the presence of sulfuric acid. Therefore, the contribution of unburnt 
hydrocarbons to the nucleation mode is not through homogenous nucleation but through adsorption 
onto existing sulfuric acid particles. 
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